Vertical high pressure Bridgman (VHPB) was considered until now to be the most successful ciystal growth method to produce Cd1ZnTe (CZT), (0.04 < x < 0.24), forX-andgamma-ray detector ciystals. Recently Horizontal Bridgman (RB) Cd1ZnTe crystals produced by 1MARAD Co. have also been successfully fabricated into nuclear spectroscopic radiation detectors. In view of our database of many years' study of the electrical properties of VHPB CZT grown and obtained from various sources, we also StUdied the RB CZT ctystals in order to compare the defects present in both different kinds of ciystals grown by different methods. The VHB-grown samples were examined using thermoelectric emission spectroscopy (TEES), X-and gamma ray spectroscopy and laser induced transient charge technique (TCT). The surface and the bulk ciystalline homogeneity were mapped using triaXial double ciystal x-ray diffraction (TADXRD) and infrared transmission spectroscopy (IR). We have found a correlation between crystallinity, IR transmission microstructure and trapping times.
INTRODUCTION
Cd1ZnTe crystals, with O.05<x<O.4, are leading materials for room-temperature operating radiation detector applications [1-5J. Due to the addition of Zn, CZT has a larger energy gap than CdTe and therefore has some distinct advantages over CdTe by having a higher value of bulk resistivity, lower dark current and reduced electronic noise. Crystal growth of CZT has been performed by various methods, however until recently, it is perfonned mainly by a vertical high-pressure Bridgman (VHPB) process for producing of gamma-ray detectors. Indeed, recently, ambient pressure horizontal Bridgman (IIB) crystals became commercially available, and spectrometric grade detector were fabricated and tested by Sandia National Laboratories. A large number of papers were published by the Sandia group to characterize the various VEIPB grown CZT crystals produced commercially in the US and in parallel , CZT crystals grown in Russia [6-1 1] and in the Ukraine were also evaluated [6,101. Better understanding of the growth parameters is a must in order to improve the material quality. Therefore, the opportunities to study in parallel the \'BPB and the RB crystals offer an excellent occasion to compare both types of crystal growth process. It is known that defects are much less common in spectrometer grade CZT detectors. If the spectrometric grade is oflower quality it is often be due to microstructural defects [8, 1 1-13J. These defects are typically generated during the crystal growth process, although the fabrication steps can also introduce defects.
The present paper will show here our first results obtained on RB CZT using X-ray diffraction, XRD, which show the Zn content. Low temperature photoluininescence, PL, and TriaXial XRD, TAD-XRD, and XRD topography will also be shown. Alpha particle spectroscopy is one of the most common methods used to evaluate the electrical properties of wide band gap semiconductors, however, it appears that the highly imperfect regions of the detectors do not respond to alpha radiation and hole transport properties are difficult to quantify. In order to evaluate the electrical properties of those regions, a much more intense source of energy is required to produce detectable electron hole pairs. One possible source is a pulsed laser, which produces many orders of magnitude creating more charges in each pulse. Indeed, we applied the transient charge technique, (TCT) method to study the trapping time of HB crystals, and compare them with the VHPB crystals. Finally, some preliminary data on thermoelectric voltage spectroscopy (TEVS) and thermal stimulated current, (TSC) results, will also be shown.
RESULTS AND DISCUSSION

The Zn content
The Zn content, x in RB Cd1ZnTe crystals was detennined by XRD using Vegard's law [14] . Two samples were measured: the thin sample was 3 mm thick and looked quite homogeneous. The thicker sample could only be measured from the front side, so only one measurement was taken. The results are shown in Table 1 . Table 1 . Zinc content in BBCZT The Zn content was determined by similar XRD and/or PL measurements for CZT having a minimal composition of 10% Zn compared to VHPB crystals from 6-12% depending on the distance from the seed to the top of the grown crystal boule. The RB crystals measured so far produced too small data base to make a comparison regarding the structural homogeneity ofthe grown crystals.
Elemental chemical analysis
A CZT detector obtained from Imarad has been analyzed for its elemental impurities. The elemental analysis results were compared with CZT samples obtained from Russia and from U.S. (see Fig 1) . The Figure shows the elemental impurity analysis measured on the Imarad HB CZT, using a glow discharge mass spectroscopy (GDMS) method. A comparison of the elemental analysis results with the results measured on HPVB CZT grown in Russia and HPVB CZT grown in the U.S. is given in Table 2 . The most abundant impurities found in the BB CZT are In and Fe with 6 and 1 ppmw respectively; In was probably introduced to the sample during the fabricalion process. Other noticeable impurities are Li, Si, Se and Ag, The concentrations of other impurities were in the range of 10-100 ppbw. About the same impurity level has also been found also on the U.S. grown HPVB CZT using the laser ablation inductively coupled plasma (LA-ICP) method. The Russian grown CZT, on the other hand, has a higher impurity level by one order ofmagnitude with a highlevel of Se (2ppm). We have evaluated CZT samples Obtained from various vendors by measuring their electrical transport properties, i.e. the mobility t, and trapping lifetimes 'r, for electrons and holes. The pulsed laser transient charge technique (TCF) method was used [13] . The system is equipped with a vacuum test chamber, transparent window on top, LN2 cold temperature stage and a LSI IN pulsed laser model VSL-337. The pulse width is 3 nsec with energy of 120 mJ per pulse, which is enough to produce 1.5x10'4 electron hole pairs for each pulse. The output from the detector is sufficiently high so that the need for additional amplification stages is eliminated. This enables reading ofthe transients at low bias conditions, which is required for measuring the trapping times. Measuring the deirapping times is also possible at low temperature conditions [13] . Table 3 compares the lifetimes ; and th ofvarious vertical (high pressure) and horizontal low pressure horizontal Bridgman CZT. FromFig. 2 it can be seen that detrapping due to shallow traps is present Figure 2 shows a transient from RB CZT grown By Imarad. The waveform was recorded at a low electric field of 1OV/mm, the transit time Tr is -3ts, which is shorter than the detrapping time rD of-160jis (i.e. Tr<Zt, therefore, one can see that detrapping is the major component in the resulting waveform). This type of waveform is typical for semiconductors with high level ofshallow traps [13] . The resulting spectrum is dominated by donor-acceptor luminescence in the 7700to 7800A or 1.61 1 and 1.590 eV range.
Additionally, the 1.577 eV and 1.555 eV peaks correspond to donor-acceptor first and second phonon emissions. The large broad peak in the 8900 to 9000A range is representative ofA-center, or acceptorbound emissions. Finally, the least resolved, higher energy peak in the 7480 to 7600A ranges is the excitonic band of emissions.
Across the three sampled regions, the spectra show little variation in the peak position characteristic of good uniformity in the material composition. The spectral line widths, however, are not as well resolved as the best HPVB CZT, suggested lower uniformity.
2.5. X-ray diffraction experimental data A Bede D3 diffractometer was used for triple axis x-ray diffraction measurements (TAD). The triple-axes refer to i) a beam conditioning axis, ii) the sample stage, and iii) analyzer crystal axis. Si (1 1 1) with (+,-,-) configuration was used for the beam collimator/monochromator and Si (220) (+,-,+,) was used for the diffracted beam analyzer ciystal. Double axis x-ray topography (DAXRT) measurements were performed using a modified Bede 150 diffractometer with a Si single crystal to match the substrate curvature [15] . The crystal is miscut by 7.3° from the (001) towards a [1 10], providing a 1.5° angle between the incident Cu Ka radiation and the surface for the (224) reflection. Two samples were measured, one larger whose Zn content was measured using the Vegard's law [14J and one smaller sample, where both the Zn content and the ciystallinity were measured as determined by TADXRD and the results reported here. As mentioned before, Table 1 shows the Zn content and will be discussed later again in this section.
The TAD ciystallinity results ofthe smaller sample will be shown here, based on the a-scans. The TAD used the (333) reflection as determined by Laue back reflection. Fig. 4 details the orientation ofthe small sample, which was etched with a 3% bromine/methanol solution for 3 mm. and subsequently re-etched with 1% bromine/ methanol solution for 3 mm. Figs. 5 and 7 are the TAD a-scans of the front and back of the sample. One can see that the measured sample has a FWHMof 24.2 arcsec in the front part (Fig. 5) . The back of the same sample is composed of several grains, which have values of FW}iM, vaiying between 16 to 21 arcsec. The multiple peaks are due to tilt regions within the sample. This is supported by the topographs to be discussed later. The TAD o-scans results should be compared with the average value of HPVB CZT obtained by Dr. H. Yoon [14] for Sandia National Laboratories in Livermore CA, and shown in Table 4 . We can see that the values obtained for lIE CZT correspond to medium or somewhat better than medium values of HPVB CZT. The data in Table 4 should be compared with GaAs whose -TAD rocking curve co-scan FWHM is only 4 arcsec. In order to better understand the co-TAD scans we refer to ref. 14. The FWBM revealing the tilt boundary is measured as the angular separation between the half intensity of the left peak to the half intensity of the right peak. As a comparison, under the same experimental conditions, a typical silicon crystal exhibits a single narrow peak ofFW.HM = 3.5 arcsecs using the (004) reflection. Thus we can conclude that RB has a lower crystalline perfection than best HPVB CZT.
The 0 /20 scans (Figs. 5,7) are supposed to show the strain in the samples which are caused by the variation of the Zn content Figs. 5 and 7 are the 0 /20 scans of the front and back of the sample, respectively. However, when compared to the data of other bulk HPVB CZT it can be seen that this sample has a smaller FWBM, which would mean that there is a lower composition gradient in the region where this sample was analyzed.
A oscan taken ofthe sample during topography can be seen in Figures 6 and 8 . The points labeled A, B, C, and D (Fig. 6) are the places at which topographs were taken (Fig. 9 AD respectively) using Kodak DEF5 film. Only spot D was imaged using high resolution Kodak SRi film. Notice how different areas of the ciystal are imaged at the different points of the rocking curve, indicative ofthe presence oftilt between the grains ofthe sample.
HB-CZT (small sample) The black regions in Figure 6 are out ofthe Bragg angle diffraction peak, and therefore show the tilted region. In suiumaiy, the ciystallinity ofHB CZT is worse than for the best HPVB CZT, but the homogeneity ofthe Zn content seems to be better.
TEVS and TSC results
A new method, Thermoelectric voltage spectroscopy (TEVS), has been developed recently in combination with thermally stimulated currents (TSC) for studying deep levels and compensation [161. In TEVS, the thermoelectric voltage across a sample is measured as a function of the temperature, during the thermal stimulation of the electron and the hole traps. The rEvs voltage shows steps that reflect (1) the change ofthe electron and hole quasi-Fermi levels due to detrapping and (2) the trap type, whether electron or hole. A simple product rule holds between the TEVS voltage, TSC current, and TEES current, when identical trap filling and heating are done. The combination of TSC and TEVS is a powerful way for studying compensation and deep levels in semi-insulating wide energy band gap materials.
Two CZT samples, one is HPVB grown eV Products and the other is HB CZT gro by IMARAD has been StUdied using the TEVS and TSC as shown in Figs. 10-13. The two samples were about the same dimensions, being lOxlOx2 mm and both had thermally evaporated In contacts. The }IPB grown sample from eV Products shows nearly zero TEVS voltage at low temperature and then the TEVS voltage gradually increases up to 3 10K with hole trap emissions. Three dominant TSC peaks at 33, 73, and 173 K can be seen and the upward slopes of the TEVS voltage at those temperatures tell us that these areall 
